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(57) ABSTRACT 

A cyan ink applicable to an ink set has plurality of aqueous 
inks each containing at least: Water; a Water-insoluble col 

oring material; and plurality of Water-soluble organic sol 
vents including a good medium or good mediums for the 
Water-insoluble coloring material and a poor medium or 

poor mediums for the Water-insoluble coloring material. A 
ratio of a poor medium to a good medium in the cyan ink is 

in a speci?c range. A Water-soluble organic solvent shoWing 
the maximum Ka value out of respective Ka values of the 
plurality of Water-soluble organic solvents is the poor 
medium. A ratio of a poor medium to a good medium in an 

arbitrary aqueous ink in the ink set except the cyan ink and 
the ratio of the poor medium to the good medium in the cyan 
ink satisfy a speci?c relationship. 
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CYAN INK AND INK SET 

[0001] This application is a continuation of International 
Application No. PCT/JP2005/0l2295, ?led on Jun. 28, 
2005, Which claims the bene?t of Japanese Patent Applica 
tion No. 2004-190545 ?led on Jun. 28, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to: a cyan ink con 
taining a Water-insoluble coloring material; and an ink set 
having the same. More speci?cally, the present invention 
relates to a cyan ink suitable for an ink-j et recording method. 

[0004] 2. Related Background Art 

[0005] Ink containing, as a coloring agent, a Water-in 
soluble coloring material such as a pigment (pigment ink) 
has been conventionally knoWn to provide an image excel 
lent in fastness such as Water resistance and light resistance. 
Various techniques have been recently proposed for the 
purpose of increasing the image density of an image formed 
by means of such ink. 

1. Field of the Invention 

[0006] For example, there has been proposed the use of 
ink containing self-dispersion carbon black and a speci?c 
salt to achieve an additional increase in image density (see, 
for example, Japanese Patent Application Laid-open No. 
2000-198955). A technique has also been proposed, Which 
involves: causing ink-jet recording ink, Which is a compo 
sition containing a pigment, polymer ?ne particles, a Water 
soluble organic solvent, and Water, and a polyvalent metal 
salt-containing aqueous solution to adhere to a recording 
medium; and causing the ink composition and the polyvalent 
metal salt-containing aqueous solution to react With each 
other to form a high-quality image (see, for example, 
Japanese Patent Application Laid-open No. 2000-63719). In 
each of those techniques, a pigment present in ink in a 
dispersed state is forcedly ?occulated at the surface of a 
recording medium to suppress the permeation of the pigment 
into the recording medium, thereby obtaining an image With 
an increased density. 

[0007] In addition, pigment ink causes a pigment to ?oc 
culate on a recording medium, so the pigment is apt to 
remain on the surface of the recording medium. In particular, 
When printing is performed on plain paper by means of 
pigment ink that does not contain any resin or the like, a 
pigment particle itself remains on the surface of the record 
ing medium. As a result, even after a suf?cient time period 
from the printing, an image may be contaminated When the 
image is strongly scratched. 

SUMMARY OF THE INVENTION 

[0008] The investigation by the inventors of the present 
invention has revealed that each of the above techniques 
may not provide a suf?cient (as compared to the volume of 
an ink droplet) area (so-called an area factor) by Which the 
surface of a recording medium can be covered With a 
coloring material because pigment particles are ?occulated 
on the recording medium. This ?nding means that each of 
the above techniques requires an increased amount of ink to 
be applied as compared to that of conventional pigment ink 
obtained by dispersing a pigment by means of a polymer 
dispersant or the like for obtaining the same image density, 
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and each of the above techniques is susceptible to improve 
ment in this respect. There exist a large number of methods 
of obtaining a large area factor even With an ink droplet 
having a small volume by improving the permeability of ink 
into a recording medium. HoWever, When the permeability 
of ink is improved, the ink permeates into not only the 
surface of a recording medium but also the depth direction 
of the recording medium, so a suf?cient image density may 
not be obtained. 

[0009] The inventors of the present invention have pur 
sued the advantages and disadvantages of the respective 
conventional inks and analyZed the characteristics of an 
image itself. As a result, they have revealed that, When a 
coloring material is present in ink in a high concentration, a 
large amount of excessive coloring material is present on the 
surface of a recording medium, or dots having visually 
different shapes are formed, and that a Waste coloring 
material not involved in color development is present in the 
recording medium. 

[0010] Further, the inventors of the present invention have 
confronted a problem in that the scraping of a printed portion 
and the contamination of a White portion caused by scratch 
ing an image portion having a secondary color formed by 
means of cyan ink such as green ink or blue ink With a ?nger 
or the like may be remarkable as compared to those of an 
image portion having a secondary color or the like formed 
by means of any other ink. Thus, they have acknoWledged 
that further improvements are required. 

[0011] The inventors of the present invention have found 
that an image superior to a conventional one can be formed 
by solving at least one of the above technical problems. The 
present invention solves at least one of the folloWing prob 
lems, Which Were found by the inventors of the present 
invention. 

[0012] (l) A problem in Which, When a pigment present in 
ink in a dispersed state is forcedly ?occulated at the 
surface of a recording medium, an area (so-called an area 
factor) by Which the surface of the recording medium can 
be covered With a coloring material may not be suf?cient 
as compared to the volume of an ink droplet, so the 
amount of ink to be applied necessary for obtaining the 
same image density increases. 

[0013] (2) A problem in Which, When the permeability of 
ink is improved, the ink permeates into not only the 
surface of a recording medium but also the depth direction 
of the recording medium, so a coloring material cannot be 
distributed in a high concentration near the surface of the 
recording medium, and hence a high image density cannot 
be achieved. 

[0014] Therefore, an object of the present invention is to 
provide a cyan ink Which: provides an image having a 
suf?ciently large area factor even With a small amount of ink 
droplets, and having a high image density; and is excellent 
in storage stability. 

[0015] Another object of the present invention is to pro 
vide a cyan ink capable of improving scratch resistance in 
the case Where an image is formed by means of plurality of 
inks each of Which provides an image having a suf?ciently 
large area factor even With a small amount of ink droplets, 
and having a high image density. 
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[0016] Another object of the present invention is to pro 
vide an ink set Which: provides an image having a suffi 
ciently large area factor even With a small amount of ink 
droplets, and having a high image density; and is excellent 
in storage stability. 

[0017] The above objects are achieved by the present 
invention. That is, according to one aspect of the present 
invention, there is provided a cyan ink applicable to an ink 
set having four kinds of aqueous inks composed of the cyan 
ink, magenta ink, yelloW ink, and black ink each containing 
at least: Water; a Water-insoluble coloring material; and 
plurality of Water-soluble organic solvents including a good 
medium or good mediums for the Water-insoluble coloring 
material and a poor medium or poor mediums for the 
Water-insoluble coloring material, the cyan ink being char 
acterized in that: the ratio B l/Al is 0.5 or more and 3.0 or 
less, When Al denotes the total content (mass %) of the good 
medium in the cyan ink and B 1 denotes the total content 
(mass %) of the poor medium in the cyan ink; a Water 
soluble organic solvent shoWing the maximum Ka value out 
of respective Ka values of the plurality of Water-soluble 
organic solvents as each determined by the BristoW method 
is the poor medium; and A and B satis?es the folloWing 
expression (I), WhenA denotes the total content (mass %) of 
the good medium in an arbitrary aqueous ink in the ink set 
except the cyan ink and B denotes the total content (mass %) 
of the poor medium in the arbitrary aqueous ink. 

[0018] According to another aspect of the present inven 
tion, there is provided an ink set characterized by including 
four kinds of aqueous inks composed of the cyan ink having 
the above constitution, and magenta ink, yelloW ink, and 
black ink each containing at least: Water; a Water-insoluble 
coloring material; and plurality of Water-soluble organic 
solvents including a good medium or good mediums for the 
Water-insoluble coloring material and a poor medium or 
poor mediums for the Water-insoluble coloring material. 

[0019] According to another aspect of the present inven 
tion, there is provided a cyan ink applicable to an image 
forming apparatus using the cyan ink, magenta ink, and 
yelloW ink each containing at least: Water; a Water-insoluble 
coloring material; and plurality of Water-soluble organic 
solvents including a good medium or good mediums for the 
Water-insoluble coloring material and a poor medium or 
poor mediums for the Water-insoluble coloring material, the 
cyan ink being characterized in that: the ratio Bl/Al is 0.5 or 
more and 3.0 or less, When Al denotes the total content 
(mass %) of the good medium in the cyan ink and B1 denotes 
the total content (mass %) of the poor medium in the cyan 
ink; a Water-soluble organic solvent shoWing the maximum 
Ka value out of respective Ka values of the plurality of 
Water-soluble organic solvents as each determined by the 
BristoW method is the poor medium; and A and B satis?es 
the folloWing expression (I), When A denotes the total 
content (mass %) of the good medium in an arbitrary 
aqueous ink applicable to the image forming apparatus 
except the cyan ink and B denotes the total content (mass %) 
of the poor medium in the arbitrary aqueous ink. 

[0020] A technical gist of the present invention is concep 
tually summarized as folloWs. That is, the technical gist of 
the present invention is an aqueous cyan ink containing at 
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least: Water; a Water-insoluble coloring material; and plu 
rality of Water-soluble organic solvents, the cyan ink being 
characterized in that: the plurality of Water-soluble organic 
solvents include a good medium or good mediums for the 
Water-insoluble coloring material and a poor medium or 
poor mediums for the Water-insoluble coloring material; a 
Water-soluble organic solvent shoWing the maximum Ka 
value out of respective Ka values of the plurality of Water 
soluble organic solvents as each determined by the BristoW 
method is the poor medium; and the poor medium permeates 
into a recording medium ahead of the good medium and the 
poor medium promotes ?occulation of the Water-insoluble 
coloring material in a liquid medium rich in the good 
medium on the surface side of the recording medium. 

[0021] This constitution eliminates the need for incorpo 
rating a large amount of Waste coloring material, Which is 
present in a recording medium in a scattered state and is not 
involved in an image density, into ink unlike the conven 
tional aqueous ink. In addition, an image can be brought into 
an ideal state. That is, there is no need to cause a large 
amount of coloring material to be present on a recording 
surface of a recording medium. At the same time, in the 
recording medium, the coloring material does not reach the 
surface opposite to the recording surface (recording can be 
performed on both surfaces). As a result, a uniform image 
having a high image density can be formed on the recording 
surface of the recording medium. 

[0022] Another technical gist of the present invention is 
conceptually summarized as folloWs. That is, the other 
technical gist of the present invention is a cyan ink used for 
forming an image by means of plurality of inks, the cyan ink 
being characterized in that a ratio of a poor medium to a 
good medium in the cyan ink is higher than a ratio of a poor 
medium to a good medium in any ink except the cyan ink. 

[0023] With this constitution, When an image is formed by 
means of plurality of inks, the amount of a Water-insoluble 
coloring material in cyan ink present on a recording surface 
of a recording medium is smaller than those of Water 
insoluble coloring materials in other inks, so scratch resis 
tance in an image having a multiple-color such as a second 
ary color can be improved. 

[0024] According to the present invention, there can be 
provided a cyan ink Which: provides an image having a 
suf?ciently large area factor even With a small amount of ink 
droplets, and having a high image density; and is excellent 
in storage stability. According to another embodiment of the 
present invention, there can be provided a cyan ink capable 
of improving scratch resistance in the case Where an image 
is formed by means of plurality of inks each of Which 
provides an image having a su?iciently large area factor 
even With a small amount of ink droplets, and having a high 
image density. According to still another embodiment of the 
present invention, there can be provided an ink set Which: 
provides an image having a su?iciently large area factor 
even With a small amount of ink droplets, and having a high 
image density; and is excellent in storage stability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic side sectional vieW shoWing 
an example of an ink-jet recording apparatus. 

[0026] FIG. 2 is a vieW shoWing an example of the 
constitution of a recording head. 
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[0027] FIG. 3 is a vieW showing an example of the 
constitution of a recording head. 

[0028] FIG. 4 is a vieW showing an example of the 
constitution of a recording head. 

[0029] FIG. 5 is a vieW shoWing an example of the 
constitution of a recording head. 

[0030] FIG. 6 is a vieW shoWing an example of the 
constitution of a recording head. 

[0031] FIG. 7 is a vieW shoWing an example of the 
constitution of a recording head. 

[0032] FIGS. 8A, 8B, 8C and 8D are vieWs each sche 
matically explaining a state in Which a droplet of an aqueous 
ink of the present invention impacts on the surface of a 
recording medium (plain paper), in Which FIG. 8A shoWs a 
state before impact, FIG. 8B shoWs a state immediately after 
the impact, FIG. 8C shoWs a state during the formation of 
a dot, and FIG. 8D shoWs a state after the formation of the 
dot. 

[0033] FIGS. 9A, 9B, 9C and 9D are vieWs each sche 
matically explaining a state in Which a secondary color is 
formed by means of cyan ink (having a small B/A value) and 
magenta ink, in Which FIG. 9A shoWs a state before impact, 
FIG. 9B shoWs a state immediately after the impact, FIG. 
9C shoWs a state during the formation of a dot, and FIG. 9D 
shoWs a state after the formation of the dot. 

[0034] FIGS. 10A, 10B, 10C and 10D are vieWs each 
schematically explaining a state in Which a secondary color 
is formed by means of cyan ink (having a large B/A value) 
and magenta ink, in Which FIG. 10A shoWs a state before 
impact, FIG. 10B shoWs a state immediately after the 
impact, FIG. 10C shoWs a state during the formation of a 
dot, and FIG. 10D shoWs a state after the formation of the 
dot. 

[0035] Reference numerals in the ?gures denote the fol 
loWing members. 

[0036] 51 sheet-feeding portion 

[0037] 52 sheet-feeding roller 

[0038] 53 sheet-discharge roller 

[0039] 61 blade 

[0040] 62 cap 

[0041] 63 ink absorbent 

[0042] 64 ejection recovery portion 

[0043] 65 recording head 

[0044] 66 carriage 

[0045] 67 guide shaft 

[0046] 68 motor 

[0047] 69 belt 

[0048] 1300 recording medium 

[0049] 1301 ink droplet 

[0050] 1302 outer periphery of dot 

[0051] 1303 center portion of dot 

[0052] 1304 Water-insoluble coloring material 
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[0053] 1305 (101 

[0054] 1306 Water-soluble organic solvent and Water 

[0055] 1307 poor medium 

[0056] 1308 cyan ink 

[0057] 1309 Water-soluble organic solvent in cyan ink 

[0058] 1310 Water-insoluble coloring material in cyan ink 

[0059] 1311 magenta ink 

[0060] 1312 Water-soluble organic solvent in magenta ink 

1313 Water-insoluble coloring material in magenta 
1 

[0062] 1314 surface of recording medium 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0063] Hereinafter, the present invention Will be described 
in more detail by Way of the best mode for carrying out the 
invention. 

[0064] First, a poor medium and a good medium in the 
present invention Will be described. Details about the de? 
nition of each of the poor and good mediums Will be 
described later. AWater-soluble organic solvent having good 
dispersion stability of a Water-insoluble coloring material to 
be used as a coloring material is de?ned as a good medium, 
and a Water-soluble organic solvent having poor dispersion 
stability of the Water-insoluble coloring material is de?ned 
as a poor medium irrespective of a method of dispersing the 
Water-insoluble coloring material. 

[0065] The aqueous ink according to the present invention 
is further characterized in that: attention is paid to Water 
soluble organic solvents to be incorporated into the ink 
together With a Water-insoluble coloring material; the Water 
soluble organic solvents each having a function of dissolv 
ing or dispersing the Water-insoluble coloring material are 
classi?ed into one shoWing behavior as the poor medium for 
the Water-insoluble coloring material and one shoWing 
behavior as the good medium With respect thereto; and a 
ratio (B/A value) of the poor medium to the good medium 
in the ink is adjusted to fall Within a speci?c range to design 
the ink. The ink according to the present invention is also 
characterized in that a Water-soluble organic solvent shoW 
ing the maximum Ka value (a measurement method Will be 
described later) out of respective Ka values of the plurality 
of Water-soluble organic solvents as each determined by the 
BristoW method is the poor medium in addition to the fact 
that the Water-soluble organic solvents have the above 
speci?c constitutions. 

[0066] As a result, an ink can be obtained, Which: has very 
excellent dispersion stability of the Water-insoluble coloring 
material in the ink; provides an image having a sufficiently 
large area factor even With a small amount of ink droplets, 
and having a high image density When printing is performed 
on a recording medium, especially plain paper; and is 
excellent in storage stability. 

<Mechanism of Image Formation> 

[0067] Here, an example of a mechanism of image for 
mation in the present invention Will be described. The 
aqueous ink according to the present invention is expected 
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to provide a very excellent image density and very excellent 
printing quality by reason of the following When the ink is 
printed on a recording medium, especially plain paper. 

[0068] That is, as shoWn in FIG. 8A, When an ink droplet 
1301 according to the present invention is printed on a 
recording medium 1300 such as plain paper, the ratios of the 
good medium, the poor medium, and the Water-insoluble 
coloring material to the Water and the Water-insoluble col 
oring material in ink start to change at the time When the ink 
impacts on the recording medium. In other Words, as shoWn 
in FIGS. 8B and 8C, after the ink droplet 1301 has impacted 
on the surface of the recording medium 1300, as the ink is 
?xed to the recording medium, a poor medium 1307 having 
the maximum Ka value out of the Water-soluble organic 
solvents in the ink scatters in a nearly complete circle form 
at a position nearer the surface of the recording medium that 
the position of a good medium having a loWer Ka value 
together With the evaporation of Water, so an ink dot is 
expected to be formed. 

[0069] FIGS. 8B, 8C and 8D are schematic vieWs shoW 
ing the state of ink during the period commencing on the 
impact of the ink on the recording medium 1300 and ending 
on the ?xation of the ink. Paying attention to the state of 
spreading of an ink dot in this case alloWs one to consider 
that the concentration of a poor medium is higher at an outer 
periphery 1302 of the dot at a portion of contact betWeen the 
ink and the paper than at a center portion 1303 of the dot. As 
a result, the ink dot scatters in a nearly complete circle form 
near the surface of the recording medium, and the concen 
tration of the poor medium 1307 for the Water-insoluble 
coloring material suddenly increases in the course of the 
scattering. The sudden increase involves the unstabiliZation 
of the dispersion of the Water-insoluble coloring material to 
cause the ?occulation or dispersion breakage of the Water 
insoluble coloring material. At this time, the ink dot scatters 
While taking an edge close to a complete circle form on the 
surface of the recording medium (see FIG. 8B), and a 
Water-insoluble coloring material 1304 remains on the sur 
face of the recording medium 1300 as if a bank of the 
Water-insoluble coloring material Were formed at the outer 
edge portion of the dot. Thus, the dot of the Water-insoluble 
coloring material is expected to be formed in a complete 
circle form and ?xed in this state on the surface of the 
recording medium (see FIG. 8C). At this time, the formation 
of the dot of the Water-insoluble coloring material is com 
pleted, but the Water-soluble organic solvents and Water 
1306 in the ink spread radially While scattering. In other 
Words, even after the formation of the dot of the Water 
insoluble coloring material, the Water-soluble organic sol 
vents and the Water 1306 continue to scatter near the surface 
of the recording medium. Subsequently, the evaporation or 
permeation of the Water-soluble organic solvent at the good 
medium-rich center portion 1303 causes the Water-insoluble 
coloring material to precipitate at the portion to form a dot 
1305 (see FIG. 8C). An image formed through such a 
process as described above has a suf?ciently large area 
factor even With a small amount of ink droplets, has a high 
image density, and effectively suppresses bleeding so as to 
be of high quality. In addition, effectively causing a Water 
insoluble coloring material in cyan ink applied to a record 
ing medium to be present near the surface of the recording 
medium alloWs ink having a small coloring material content 
like the cyan ink according to the present invention to obtain 
a high image density. 
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[0070] Next, the inventors of the present invention have 
considered that an image excellent in color balance as 
compared to a conventional ink set can be obtained by 
applying the aqueous ink With such constitution as described 
above to any aqueous ink except cyan ink, that is, magenta 
ink, yelloW ink, or black ink. In vieW of the above, the 
inventors of the present invention have changed a ratio of a 
poor medium to a good medium in each color to study 
various properties requested for an image formed on plain 
paper or the like. As a result, they have con?rmed that the 
color balance of an image to be obtained can be improved by 
applying the aqueous ink With such constitution as described 
above to any aqueous ink except cyan ink, that is, magenta 
ink, yelloW ink, or black ink. 

[0071] In general, cyan ink has loW brightness. Therefore, 
one feels that the scratch resistance of an image to be 
obtained by means of cyan ink is inferior to that of an image 
to be obtained by means of magenta ink or yelloW ink even 
When the amounts of Water-insoluble coloring materials in 
the cyan, magenta, or yelloW ink present on the surface of a 
recording medium are the same. As a result, one may feel 
that the scratch resistance of the image to be obtained by 
means of cyan ink apparently deteriorates as compared to 
that of any other color. In vieW of the above, the inventors 
of the present invention have made further studies. As a 
result, they have con?rmed that the scraping of an image and 
the contamination of a White portion Which occur When an 
image printed With a secondary color such as green or blue 
is scratched can be reduced by reducing a ratio (B/A) of a 
poor medium to a good medium in cyan ink to be loWer than 
that in any other color. As described above, scratch resis 
tance Which is felt to apparently deteriorate is de?ned as 
“bad scratch resistance” in the present invention. In addition, 
an apparent improvement of scratch resistance is de?ned as 
an “improvement of scratch resistance” in the present inven 
tion. 

[0072] The inventors of the present inventions consider 
the reason by Which such effect as described above can be 
obtained to be as folloWs. The mechanism With Which such 
effect as described above can be obtained Will be described 
With reference to FIGS. 9A, 9B, 9C, 9D, 10A, 10B, 10C and 
10D. FIGS. 9A, 9B, 9C, 9D, 10A, 10B, 10C and 10D are 
vieWs each schematically shoWing a course in Which an ink 
droplet is applied to a recording medium such as plain paper 
to form an image by taking as an example a course in Which 
an image having a secondary color (blue here) is formed by 
means of cyan ink and another ink (magenta ink here). 
FIGS. 9A, 9B, 9C and 9D shoW the case Where the (B/A) 
value of cyan ink is smaller than that of another ink 
(magenta ink here), While FIGS. 10A, 10B, 10C and 10D 
shoW the case Where the (B/A) value of cyan ink is larger 
than that of another ink (magenta ink here). 

[0073] In FIGS. 9A, 9B, 9C, 9D, 10A, 10B, 10C and 10D, 
ink permeates into a recording medium basically With the 
same mechanism as that described above With reference to 
FIGS. 8A, 8B, 8C and 8D. As the (B/A) value of cyan ink 
is larger than that of another ink, the Water-insoluble color 
ing material in the cyan ink is found to be more likely to 
precipitate nearer the surface layer portion of a recording 
medium. For example, as shoWn in FIGS. 9A, 9B, 9C and 
9D, When the (B/A) value of cyan ink is smaller than that of 
another ink (magenta ink here), a higher percentage of the 
Water-insoluble coloring material in the cyan ink is expected 
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to be present at a position depressed in the depth direction 
of a recording medium as compared to the Water-insoluble 
coloring material in the magenta ink. On the other hand, as 
shoWn in FIGS. 10A, 10B, 10C and 10D, When the (B/A) 
value of cyan ink is larger than that of another ink (magenta 
ink here), a higher percentage of the Water-insoluble color 
ing material in the cyan ink is expected to be present near the 
surface of a recording medium as compared to the Water 
insoluble coloring material in the magenta ink. Furthermore, 
the Water-insoluble coloring material in cyan ink can be 
alloWed to be present at a position depressed in the depth 
direction of a recording medium as compared to the Water 
insoluble coloring material in another ink (magenta ink here) 
by taking into consideration a difference betWeen the time at 
Which the cyan ink impacts and the time at Which the 
magenta ink impacts, a ratio of a poor medium to a good 
medium in each of the inks mixed on the recording medium, 
and the like. In particular, When the (B/A) value of cyan ink 
is loWer than 1.0 and the (B/A) value of another ink 
(magenta ink here) is larger than 2.5, the scratch resistance 
of an image formed by applying the cyan ink to a recording 
medium after the application of the other ink (magenta ink 
here) can be much higher than that of an image formed by 
means of cyan ink and the other ink (magenta ink here) that 
do not satisfy the relational expression (1) of the present 
invention. 

[0074] Furthermore, tWo kinds of images obtained by 
setting the (B/A) value of cyan ink and the (B/A) value of 
another ink (magenta ink here) to be as described above 
Were scratched With a ?nger to observe the degree of scratch 
resistance. As a result, the scraping of an image and the 
contamination of a White portion occurring When the images 
Were scratched Were found to be more likely to be remark 
able When a larger amount of the Water-insoluble coloring 
material in the cyan ink Was present near the surface of a 
recording medium as shoWn in FIGS. 10A, 10B, 10C and 
10D. 

[0075] The inventors of the present invention have studied 
the relationship betWeen each property of a coloring material 
and scratch resistance. As a result, they have found that, 
When a larger amount of a Water-insoluble coloring material 
having loW brightness is present near the surface of a 
recording medium in an image having a secondary color or 
the like that tends to have an increased amount of ink 
applied, the scratch resistance of the image is more likely to 
be felt to apparently deteriorate. Although the above descrip 
tion has taken magenta ink as an example of ink to be used 
in combination With cyan ink to form a secondary color, the 
present invention is not limited thereto. 

[0076] When an image having a multiple-color is formed 
by means of plurality of inks, the order in Which the inks are 
applied to a recording medium is desirably such that ink 
having loWer brightness is applied faster. With the order, 
most of a Water-insoluble coloring material can be alloWed 
to be present at a position depressed in the depth direction 
of the recording medium, so scratch resistance can be 
additionally improved. 

<Method of Determining Good Medium and Poor Medium> 

[0077] The good medium and the poor medium to be used 
in the present invention under such assumed mechanism as 
described above are determined on the basis of Whether the 
dispersed state of a Water-insoluble coloring material can be 
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favorably maintained, that is, a relation betWeen the Water 
insoluble coloring material and a dispersant therefor. 
Accordingly, in preparing the aqueous ink according to the 
present invention, the good medium and the poor medium 
are preferably selected on the basis of the observation of the 
degree of stability of the dispersed state of a Water-insoluble 
coloring material to be used. The inventors of the present 
invention have found that the folloWing determination 
method is effective as a result of various studies of the 
criteria for determination of the good medium and the poor 
medium providing the effects of the present invention in 
connection With the effects of the present invention. 

[0078] First, a dispersion solution of Water-insoluble col 
oring material is prepared Which contains 50 mass % of each 
Water-soluble organic solvent to be determined, 45 mass % 
of Water, and 5 mass % of a Water-insoluble coloring 
material to be used for the ink. Then, the prepared dispersion 
solution is stored at 60° C. for 48 hours. The Water-soluble 
organic solvent is regarded as a poor medium When the 
average particle siZe of the Water-insoluble coloring material 
in the liquid is larger than the average particle siZe of the 
Water-insoluble coloring material in a Water dispersion solu 
tion containing 5-mass % of the Water-insoluble coloring 
material and 95 mass % of Water. The Water-soluble organic 
solvent is regarded as a good medium When the average 
particle siZe of the Water-insoluble coloring material in the 
dispersion solution is equal to or smaller than the average 
particle siZe of the Water-insoluble coloring material in a 
Water dispersion solution containing 5-mass % of the Water 
insoluble coloring material and 95-mass % of Water. 

[0079] More speci?cally, determination as to Whether a 
Water-soluble organic solvent to be used is a good medium 
or a poor medium for a certain Water-insoluble coloring 
material is made according to the folloWing method. First, 
tWo kinds of dispersion solutions shoWn beloW are prepared: 
a dispersion solution A of a Water-insoluble coloring mate 
rial containing in a solvent containing the Water-soluble 
organic solvent to be determined, and a Water dispersion 
solution B of the same Water-insoluble coloring material. 

[0080] Dispersion solution A: A Water-insoluble coloring 
material dispersion solution containing 50 mass % of a 
Water-soluble organic solvent to be determined, 5 mass % of 
a Water-insoluble coloring material (or 5 mass % in total of 
a Water-insoluble coloring material and a substance contrib 
uting to the dispersion of the coloring material), and 45 mass 
% of Water. 

[0081] Water dispersion solution B: A Water dispersion 
solution of a Water-insoluble coloring material containing 5 
mass % of the Water-insoluble coloring material (or 5 mass 
% in total of the Water-insoluble coloring material and a 
substance contributing to the dispersion of the coloring 
material), and 95 mass % of Water. 

[0082] The dispersion solution A is kept at 60° C. for 48 
hours, and cooled to ordinary temperature. The average 
particle siZe of the Water-insoluble coloring material in the 
dispersion solutionA is measured With a ?ber-optics particle 
analyZer (trade name: FPAR-lOOO; manufactured by Otsuka 
Electronics Co., Ltd.) or the like. MeanWhile, the average 
particle siZe of the Water-insoluble coloring material in the 
Water dispersion solution B that has not been stored under 
heat is measured With the ?ber-optics particle analyZer in the 
same manner as that described above. The Water-soluble 
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organic solvent to be determined is determined to be a good 
medium or a poor medium in accordance With the following 
de?nition by means of the particle siZe (A) and particle siZe 
(B) of the Water-insoluble coloring materials in the disper 
sion solution A and the Water dispersion solution B, respec 
tively. 
[0083] Poor medium: When the particle siZe (A) is larger 
than the particle siZe (B) in the foregoing, the Water-soluble 
organic solvent to be determined is de?ned as a poor 
medium. 

[0084] Good medium: When the particle siZe (A) is equal 
to or smaller than the particle siZe (B), the Water-soluble 
organic solvent to be determined is de?ned as a good 
medium. 

[0085] The preparation of ink having the constitution of 
the present invention by means of the determined good and 
poor mediums as described above has been con?rmed to 
provide such excellent effects as described above. 

<Ka Value of Water-soluble Organic Solvent> 

[0086] In the present invention, the mechanism of image 
formation described above can be expressed When a Water 
soluble organic solvent shoWing the maximum Ka value out 
of respective Ka values of plurality of Water-soluble organic 
solvents as each determined by the BristoW method is a poor 
medium in addition to the fact that a Water-soluble organic 
solvent is alloWed to have such a speci?c constitution as 
described above. 

[0087] Here, a Ka value determined by the BristoW 
method Will be described. The value is used as an indication 
for the permeability of a liquid into a recording medium. 
Hereinafter, ink Will be described as an example. That is, 
When the permeability of ink is represented by the amount 
V of the ink per 1 m2, the amount of permeation V of the ink 
into a recording medium (mL/m2 =p.m) after a predetermined 
time t from the ejection of an ink droplet is represented by 
BristoW’s equation (Equation (1)) shoWn beloW. 

[0088] Immediately after ink has been applied to a record 
ing medium, most of the ink is absorbed by irregularities on 
the surface of the recording medium (surface roughness 
portions on the surface of the recording medium), and nearly 
no ink permeates into the recording medium (depth direc 
tion). The time required for the absorption is a contact time 
(tW), and the amount of the ink absorbed by the surface 
roughness portion of the recording medium during the 
contact time is denoted by Vr. Then, after the ink has been 
applied to the recording medium, an amount of the ink in 
proportion to the square root of the time exceeding the 
contact time, that is, (t—tW), to thereby increase the amount 
of permeation. Ka represents a proportionality factor of the 
increase, and shoWs a value in accordance With the rate of 
permeation. The Ka value can be measured by means of, for 
example, a dynamic permeability tester for a liquid accord 
ing to the BristoW method (for example, trade name: 
dynamic permeability tester S; manufactured by Toyo Seiki 
Seisaku-Sho, Ltd.). 
[0089] The Ka value according to the BristoW method in 
the present invention is a value measured by means of plain 
paper (for example, PB paper (manufactured by CANON 
Inc.) to be used for a copying machine utiliZing an electro 
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photographic method, a page printer (laser beam printer), or 
a printer utiliZing an ink-j et recording method, or PPC paper 
for a copying machine utiliZing an electrophotographic 
method) as a recording medium. The assumed measurement 
environment is an ordinary office environment such as an 
environment having a temperature of 20° C. to 25° C. and 
a humidity of 40% to 60%. 

<Aqueous Ink> 

[0090] A Water-soluble organic solvent in the ink compo 
nents of the cyan ink according to the present invention must 
have such a constitution as described above in connection 
With the Water-insoluble coloring material to be used. The 
other constitution may be similar constitution as that of the 
conventional aqueous ink. The respective components con 
stituting the aqueous ink of the present invention Will be 
described beloW. 

[0091] The magenta ink, the yelloW ink, and the black ink 
are not particularly limited as long as each of them contains 
Water, a Water-insoluble coloring material, and plurality of 
Water-soluble organic solvents including a good medium or 
good mediums for the Water-insoluble coloring material and 
a poor medium or poor mediums for the Water-insoluble 
coloring material. The magenta ink, the yelloW ink, and the 
black ink preferably have similar constitution as that of the 
cyan ink except for the items described beloW for the 
respective hues. 

<Aqueous Medium> 

[0092] An aqueous medium constituting the aqueous ink 
according to the present invention Will be described. The 
aqueous medium is a mixed solvent of Water and a Water 
soluble organic solvent. In the cyan ink of the present 
invention, the Water-soluble organic solvents are determined 
to be good medium and poor mediums for the Water 
insoluble coloring material according to the method 
described above. Then, on the basis of the result of deter 
mination, Water-soluble organic solvents must be selected 
and appropriately blended to prepare ink in such a manner 
that: at least the good medium and poor medium are simul 
taneously present in the aqueous ink, and the content of each 
Water-soluble organic solvent is in the range speci?ed in the 
present invention; and a Water-soluble organic solvent shoW 
ing the maximum Ka value out of respective Ka values of 
the plurality of Water-soluble organic solvents each deter 
mined by the BristoW method is the poor medium. 

[0093] Speci?c examples of the Water-soluble organic 
solvents include: alkyl alcohols each having 1 to 4 carbon 
atoms such as methyl alcohol, ethyl alcohol, n-propyl alco 
hol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, 
and ter‘t-butyl alcohol; amides such as dimethylformamide 
and dimethylacetamide; ketones or keto alcohols such as 
acetone and diacetone alcohol; ethers such as tetrahydrofu 
ran and dioxane; polyalkylene glycols such as polyethylene 
glycol and polypropylene glycol; alkylene glycols in each of 
Which an alkylene group has 2 to 6 carbon atoms such as 
ethylene glycol, propylene glycol, butylene glycol, triethyl 
ene glycol, 1,2,6-hexane triol, thio diglycol, hexylene gly 
col, and diethylene glycol; loWer alkyl ether acetates such as 
polyethylene glycol monomethyl ether acetate; glycerin; 
loWer alkyl ethers of polyhydric alcohols such as ethylene 
glycol monomethyl (or ethyl) ether, diethylene glycol 
methyl (or ethyl) ether, and triethylene glycol monomethyl 
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(or ethyl) ether; N-methyl-2-pyrrolidone; 2-pyrrolidone; and 
1,3-dimethyl-2-imidaZolidinone. In addition, deionized 
Water is desirably used as Water. 

[0094] In the cyan ink of the present invention, When the 
Water-soluble organic solvents are selected in such a manner 
that: at least the good medium and poor medium are simul 
taneously present; and a Water-soluble organic solvent 
shoWing the maximum Ka value is the poor medium, and the 
ratio B/A is adjusted to be 0.5 or more and 3.0 or less, When 
A denotes the total content (mass %) of the good medium 
based on the total mass of the aqueous ink and B denotes the 
total content (mass %) of the poor medium based on the total 
mass of the aqueous ink. The cyan ink of the present 
invention has the ratio B/A of 0.5 or more and 1.0 or less, 
or more preferably 0.6 or more and 1.0 or less. 

[0095] Here, the relationship betWeen the ratio B/A of the 
poor medium to the good medium in the cyan ink and the 
ratio B/A of the poor medium to the good medium in the 
aqueous ink of any other color in the ink set Will be 
described. When the ratio of the poor medium to the good 
medium in the cyan ink of the present invention is denoted 
by Bl/Al, the ratio B l/Al and the ratio B/A in an arbitrary 
aqueous ink in the ink set except the cyan ink satisfy the 
folloWing expression (1). The folloWing expression (I) 
means that the cyan ink of the present invention has the 
maximum B/A value out of the aqueous inks in the ink set. 

[0096] According to a preferred embodiment of the 
present invention, the folloWing expression (I') is preferably 
satis?ed. 

[0097] According to the detailed investigation by the 
inventors of the present invention, When the content of a 
good medium in aqueous ink is large, the aqueous ink is 
excellent in storage stability, but a high image density is 
hardly obtained When plain paper is used as a recording 
medium. In addition, When the content of the good medium 
in the aqueous ink is small, a high image density can be 
obtained, but the storage stability of the aqueous ink may be 
insufficient. 

[0098] In contrast, controlling a ratio of a poor medium to 
a good medium out of the Water-soluble organic solvents in 
aqueous ink as described above alloWs one to achieve 
compatibility betWeen the storage stability of the aqueous 
ink and a high image density. Furthermore, as described 
above, an effect that cannot be conventionally obtained, that 
is the realiZation of an image having a suf?ciently large area 
factor even With a small amount of ink droplets, and having 
a high image density can be achieved by controlling a Ka 
value determined by the BristoW method, Which is an 
indication for the permeability into a recording medium, in 
determining the respective Water-soluble organic solvents to 
be incorporated into ink. 

[0099] In each of the magenta ink, the yelloW ink, and the 
black ink in the ink set of the present invention except the 
cyan ink, Water-soluble organic solvents are preferably 
selected in such a manner that: at least good medium and 
poor medium are simultaneously present; and a Water 
soluble organic solvent shoWing the maximum Ka value is 
the poor medium. The ratio B/A is preferably 0.5 or more 
and 3.0 or less, more preferably 0.5 or more and 1.0 or less, 
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or particularly preferably 0.6 or more and 1.0 or less, When 
A denotes the total content (mass %) of the good medium 
based on the total mass of each aqueous ink and B denotes 
the total content (mass %) of the poor medium based on the 
total mass of each aqueous ink. 

[0100] Here, the relationship betWeen the ratio B/A of the 
poor medium to the good medium in each of the magenta 
ink, the yelloW ink, and the black ink, and the ratio B/A of 
the poor medium to the good medium in aqueous ink of any 
other color in the ink set Will be described. When the ratio 
B/A in the magenta ink is denoted by B2/A2, the ratio B/A 
in the yelloW ink is denoted by B3/A3, and the ratio B/A in 
the black ink is denoted by B4/A4, the folloWing expressions 
are preferably satis?ed in the aqueous inks of the respective 
colors. 

Magenta Ink 

0.6 §(B2/A2)/(B/A)<1.8 (11) 

Yellow Ink 

0.6 2 (B3/A3)/(B/A)<1 . 8 (111) 

Black Ink 

[0101] The ratio B/A in each of the expressions (II) to (IV) 
refers to a ratio B/A of a poor medium to a good medium in 
an arbitrary aqueous ink in an ink set except the aqueous ink 
concerned. That is, the above expressions are preferably 
satis?ed for all aqueous inks in the ink set except the 
aqueous ink concerned. In each of the expressions (II) to 
(IV), the value on the most left side is particularly preferably 
0.8 instead of 0.6. In each of the expressions (II) to (IV), the 
value on the most right side is particularly preferably 1.3 
instead of 1.8. 

[0102] According to the investigation by the inventors of 
the present invention, a Ka value in aqueous ink is adjusted 
to be preferably less than 1.5, or more preferably 0.2 or more 
and less than 1.5 for additionally improving the quality of a 
recorded image formed. That is, adjusting a Ka value in 
aqueous ink alloWs solid-liquid separation to occur at an 
early stage of the course of the permeation of the aqueous 
ink into a recording medium, so a high-quality image With 
extremely little bleeding can be formed. 

[0103] The content of the Water-soluble organic solvents 
in the aqueous ink according to the present invention is not 
particularly limited, but is in the range of preferably 3 mass 
% to 50 mass %, or more preferably 10 mass % to 35 mass 

% (both inclusive) based on the total mass of the ink. In 
addition, the Water content (mass %) in the aqueous ink is in 
the range of preferably 50 mass % to 95 mass %, or more 
preferably 60 mass % to 90 mass % based on the total mass 
of the ink. 

[0104] The total content (mass %) of the poor medium in 
the aqueous ink according to the present invention is more 
preferably 4 mass % or more based on the total mass of the 
ink for achieving compatibility betWeen a high image den 
sity and the storage stability of the ink. The total content 
(mass %) of the poor medium is preferably 37.5 mass % or 
less, or more preferably 5 mass % or more and 20 mass % 
or less based on the total mass of the ink. 
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<Water-insoluble Coloring Material> 

[0105] The Water-insoluble coloring material constituting 
the aqueous ink according to the present invention Will be 
described. The Water-insoluble coloring material constitut 
ing the aqueous ink of the present invention may be any one 
irrespective of hoW it is dispersed. Of those, a pigment is 
particularly preferably used. To be speci?c, for example, the 
pigment may be: a pigment of so-called resin-dispersed type 
using a dispersant or a surfactant (resin-dispersed pigment); 
a pigment of surfactant-dispersed type; a microcapsule-type 
pigment With its dispersibility enhanced to enable the dis 
persion of the pigment Without the use of a dispersant or the 
like; a pigment of so-called self-dispersion type having a 
hydrophilic group introduced to the surface of a pigment 
particle (self-dispersion pigment); or a denatured pigment 
having an organic group containing a polymer chemically 
bonded to the surface of a pigment particle (polymer-bonded 
self-dispersion pigment). Of course, those pigments to be 
dispersed in different Ways may be used in combination. 

[0106] The Water-insoluble coloring material of the 
present invention such as the resin-dispersed pigment, the 
self-dispersion pigment, or the polymer-bonded self-disper 
sion pigment described above is dispersed in an aqueous 
medium. That is, it is needless to say that the good medium 
and poor medium for the Water-insoluble coloring material 
of the present invention refer to good medium and poor 
medium for the resin-dispersed pigment, the self-dispersion 
pigment, the polymer-bonded self-dispersion pigment, or 
the like. Hereinafter, the Water-insoluble coloring material 
that can be used in the present invention Will be described. 

[0107] The content (mass %) of the Water-insoluble col 
oring material in the aqueous ink of the present invention is 
preferably 0.1 mass % or more and 15.0 mass % or less, or 
more preferably 1.0 mass % or more and 10.0 mass % or less 

based on the total mass of the ink. 

[0108] (Pigment) 
[0109] The pigment that can be used in the aqueous ink 
according to the present invention is not particularly limited, 
and any one of those described beloW can be used. 

[0110] Carbon black is suitably used for black ink. For 
example, any one of furnace black, lamp black, acetylene 
black, and channel black can be used as carbon black. 
Speci?c examples of carbon black include commercially 
available products such as: Raven 7000, Raven 5750, Raven 
5250, Raven 5000 ULTRA, Raven 3500, Raven 2000, 
Raven 1500, Raven 1250, Raven 1200, Raven 1190 
ULTRA-ll, Raven 1170, and Raven 1255 (manufactured by 
Columbian Chemicals Co.); Black Pearls L, Regal 400R, 
Regal 330R, Regal 660R, Mogul L, Monarch 700, Monarch 
800, Monarch 880, Monarch 900, Monarch 1000, Monarch 
1100, Monarch 1300, Monarch 1400, Monarch 2000, and 
Vulcan XC-72R (manufactured by Cabot Corporation); 
Color Black FWl, Color Black FW2, Color Black FW2V, 
Color Black FW18, Color Black FW200, Color Black S150, 
Color Black S160, Color Black S170, Printex 35, Printex U, 
Printex V, Printex 140U, Printex 140V, Special Black 6, 
Special Black 5, Special Black 4A, and Special Black 4 
(manufactured by Degussa Corporation); and No. 25, No. 
33, No. 40, No. 47, No. 52, No. 900, No. 2300, MCF-88, 
MA600, MA7, MA8, and MA100 (manufactured by Mit 
subishi Chemical Corporation). Carbon black neWly pre 
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pared for the present invention may also be used. HoWever, 
the present invention is not limited to them. Any conven 
tionally knoWn carbon black may be used. Magnetic ?ne 
particles made of magnetite, ferrite, or the like, titanium 
black, or the like may be used as the black pigment instead 
of carbon black. 

[0111] Examples of pigment particles to be used except the 
black ink include various organic pigment particles. Speci?c 
examples of the organic pigments include: insoluble aZo 
pigments such as toluidine red, toluidine maroon, Hansa 
yelloW, benZidine yelloW, and pyraZolone red; soluble aZo 
pigments such as lithol red, helio bordeaux, pigment scarlet, 
and permanent red 2B; derivatives of vat dyes such as 
aliZarin, indanthrone, and thioindigo maroon; phthalocya 
nine-based pigments such as phthalocyanine blue and phtha 
locyanine green; quinacridone-based pigments such as 
quinacridone red and quinacridone magenta; perylene-based 
pigments such as perylene red and perylene scarlet; isoin 
dolinone-based pigments such as isoindolinone yelloW and 
isoindolinone orange; imidaZolone-based pigments such as 
benZimidaZolone yelloW, benZimidaZolone orange, and ben 
ZimidaZolone red; pyranthrone-based pigments such as 
pyranthrone red and pyranthrone orange; indigo-based pig 
ments; condensed aZo-based pigments; thioindigo-based 
pigments; diketopyrrolopyrrole-based pigments; ?avan 
throne yelloW; acylamide yelloW; quinophthalone yelloW; 
nickel aZo yelloW; copper aZo methine yelloW; perinone 
orange; anthrone orange; dianthraquinonyl red; and diox 
aZine violet. Of course, the present invention is not limited 
to them, and any other organic pigment may be used. 

[0112] Further, examples of the organic pigment repre 
sented by a color index (CI) number include the folloWing. 

c1. Pigment Yellow 12, 13, 14, 17, 20, 24, 74, 83, 86, 93, 
97, 109, 110, 117, 120, 125, 128, 137, 138, 147, 148, 150, 
151, 153, 154, 166, 168, 180, and 185 

CI. Pigment Orange 16, 36, 43, 51, 55, 59, 61, and 71 

c1. Pigment Red 9, 48, 49, 52, 53, 57, 97, 122, 123, 149, 
168, 175,176, 177, 180, 192, 215, 216, 217, 220, 223, 224, 
226, 227, 228, 238, 240, 254, 255, and 272 

CI. Pigment Violet 19, 23, 29, 30, 37, 40, and 50 

CI. Pigment Blue 15, 15:1, 15:3, 15:4, 15:6, 22, 60, and 64 

CI. Pigment Green 7 and 36 

CI. Pigment BroWn 23, 25, and 26 

[0113] (Resin-dispersion Pigment) 
[0114] As described above, a resin-dispersion pigment 
using a dispersant can be used as the Water-insoluble col 
oring material that can be used in the aqueous ink according 
to the present invention. In this case, a compound such as a 
surfactant or a resin dispersant for dispersing such a hydro 
phobic pigment as described above is required. 

[0115] An anionic surfactant or a nonionic surfactant is a 
preferable surfactant. Speci?c examples of the anionic sur 
factant include a fatty acid salt, an alkyl sulfate, an alkyl 
benZenesulfonate, an alkyl naphthalenesulfonate, a dialkyl 
sulfosuccinate, an alkyl phosphate, a formalin condensate of 
naphthalenesulfonic acid, a polyoxyethylene alkyl sulfate, 
and substituted derivatives thereof. Speci?c examples of the 
nonionic surfactant include a polyoxyethylene alkyl ether, a 
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polyoxyethylene alkyl phenyl ether, a polyoxyethylene fatty 
acid ester, a sorbitan fatty acid ester, a polyoxyethylene 
sorbitan fatty acid ester, a polyoxyethylene alkylamine, a 
glycerin fatty acid ester, an oxyethylene oxypropylene block 
polymer, and substituted derivatives thereof. 

[0116] Speci?c examples of the resin dispersant include 
(1) block copolymers, random copolymers, and graft 
copolymers each composed of at least tWo monomers (at 
least one of Which is a hydrophilic monomer) selected from: 
styrene and a derivative thereof; vinyl naphthalene and a 
derivative thereof; a fatty acid alcohol ester of 0t,[3-ethyl 
enically unsaturated carboxylic acid; acrylic acid and a 
derivative thereof; maleic acid and a derivative thereof; 
itaconic acid and a derivative thereof; fumaric acid and a 
derivative thereof; and vinyl acetate, vinyl alcohol, vinyl 
pyrrolidone, and acrylamide, and derivatives thereof, and (2) 
salts of the copolymers. Furthermore, for example, a block 
copolymer and a random copolymer may be used in com 
bination. 

[0117] (Microcapsule-type Pigment) 

[0118] As described above, a microcapsule-type pigment 
obtained by coating a Water-insoluble coloring material With 
an organic polymer or the like to prepare a microcapsule can 
be used as the Water-insoluble coloring material that can be 
used in the aqueous ink according to the present invention. 
Examples of a method of coating a Water-insoluble coloring 
material With an organic polymer or the like to prepare a 
microcapsule include a chemical production method, a 
physical production method, a physicochemical method, and 
a mechanical production method. Speci?c examples thereof 
include an interfacial polymeriZation method, an in-situ 
polymeriZation method, a submerged cure coating method, 
a coacervation (phase separation) method, a submerged 
drying method, a melting dispersion cooling method, an 
aerial suspension coating method, a spray drying method, an 
acid precipitation method, and a phase inversion emulsi? 
cation method. 

[0119] Speci?c examples of the organic polymer or the 
like to be used as a material constituting the Wall membrane 
substance of a microcapsule include: polyamide; polyure 
thane; polyester; polyurea; an epoxy resin; polycarbonate; a 
urea resin; a melamine resin; a phenol resin; polysaccha 
rides; gelatin; gum arabic; dextran; casein; protein; natural 
rubber; carboxypolymethylene; polyvinyl alcohol; polyvi 
nyl pyrrolidone; polyvinyl acetate; polyvinyl chloride; poly 
vinylidene chloride; cellulose; ethylcellulose; methylcellu 
lose; nitrocellulose; hydroxyethylcellulose; cellulose 
acetate; polyethylene; polystyrene; a polymer or copolymer 
of (meth)acrylic acid; a polymer or copolymer of (meth 
)acrylate; a (meth)acrylic acid-(meth)acrylate copolymer; a 
styrene-(meth)acrylic acid copolymer; a styrene-maleic acid 
copolymer; soda alginate; a fatty acid; paraf?n; beesWax; 
Water Wax; hardened beef talloW; camauba Wax; and albu 
min. Of those, an organic polymer or the like having an 
anionic group such as a carboxylic group or a sulfonic group 
is preferable. Speci?c examples of a nonionic organic poly 
mer include: polyvinyl alcohol, polyethylene glycol 
monomethacrylate, polypropylene glycol monomethacry 
late, and methoxypolyethylene glycol monomethacrylate, 
and (co)polymers of them; and a cation ring-opening poly 
mer of 2-oxaZoline. A completely saponi?ed product of 
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polyvinyl alcohol is particularly preferable because it has 
loW Water solubility and is easily soluble in hot Water but is 
hardly soluble in cold Water. 

[0120] When a phase inversion method or an acid precipi 
tation method is used for preparing a microcapsule, an 
anionic organic polymer or the like is used as an organic 
polymer or the like constituting the Wall membrane sub 
stance of the microcapsule. 

[0121] The phase inversion method involves: turning a 
composite or complex of an anionic organic polymer or the 
like having self dispersibility or solubility in Water and a 
coloring material such as a self-dispersion organic pigment 
or self-dispersion carbon black, or a mixture of a coloring 
material such as a self-dispersion organic pigment or self 
dispersion carbon black, a curing agent, and an anionic 
organic polymer or the like, into an organic solvent phase; 
adding Water to the organic solvent phase (or adding the 
organic solvent phase to Water); and turning the mixture into 
a microcapsule While subjecting the mixture to self disper 
sion (phase inversion emulsi?cation). The phase inversion 
method may involve mixing the organic solvent phase With 
a Water-soluble organic solvent or an additive to be used for 
ink. In particular, an aqueous medium of ink is preferably 
mixed because a dispersion solution for the ink can be 
directly produced. 
[0122] The acid precipitation method includes the steps of: 
neutraliZing in Whole or in part the anionic groups of an 
organic polymer or the like having the anionic groups With 
a basic compound; kneading the resultant With a coloring 
material such as a self-dispersion organic pigment or self 
dispersion carbon black in an aqueous medium; adjusting 
the pH With the acid compound to be a neutral or acidic one 
to precipitate an anionic group-containing organic polymer 
or the like; causing the organic polymer or the like to adhere 
to a pigment to produce a Water-containing cake; and 
neutraliZing in Whole or in part the anionic groups of the 
Water-containing cake With a basic compound to prepare a 
microcapsule. The acid precipitation method alloWs a ?ne 
anionic microencapsulated pigment containing a large 
amount of pigment to be produced. 

[0123] Speci?c examples of such an organic solvent as 
described above to be used for microencapsulation include: 
alkyl alcohols such as methanol, ethanol, propanol, and 
butanol; aromatic hydrocarbons such as benZol, toluol, and 
xylol; esters such as methyl acetate, ethyl acetate, and butyl 
acetate; chlorinated hydrocarbons such as chloroform and 
ethylene dichloride; ketones such as acetone and methyl 
isobutyl ketone; ethers such as tetrahydrofuran and dioxane; 
and cellosolves such as methyl cellosolve and butyl cello 
solve. 

[0124] The microcapsules prepared according to the above 
method may be separated from organic solvents for them 
through centrifugation, ?ltration, or the like and stirred With 
Water and a required solvent for re-dispersion to prepare a 
target microcapsule-type pigment. The average particle siZe 
of the microcapsule-type pigment to be obtained according 
to such a method as described above is preferably 50 nm to 
180 nm. 

[0125] (Self-dispersion Pigment) 
[0126] As described above, a self-dispersion pigment With 
its dispersibility enhanced to enable the dispersion of the 
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pigment Without the use of a dispersant or the like may be 
used as the Water-insoluble coloring material that can be 
used in the aqueous ink according to the present invention. 
The self-dispersion pigment preferably has a hydrophilic 
group chemically bonded to the surface of a pigment particle 
either directly or via any other atomic group. For example, 
a self-dispersion pigment having a hydrophilic group 
selected from the group consisting of iCOOMl, 
iSO3Ml, and iPO3H(Ml)2 (M1 in the formulae repre 
sents a hydrogen atom, an alkali metal, ammonium, or an 
organic ammonium) introduced to the surface of a pigment 
particle can be suitably used. The other atomic group is 
preferably an alkylene group having 1 to 12 carbon atoms, 
a substituted or unsubstituted phenylene group, or a substi 
tuted or unsubstituted naphthylene group. A self-dispersion 
pigment With its surface oxidiZed can also be suitably used, 
Which is obtained by means of, for example, a method 
involving oxidiZing carbon black With soda hypochlorite, a 
method involving oxidiZing carbon black through a sub 
merged oZone treatment, or a method involving performing 
an oZone treatment and subjecting carbon black to Wet 
oxidation to denature the surface of carbon black. 

[0127] (Polymer-bonded Self-dispersion Pigment) 

[0128] As described above, a polymer-bonded self-disper 
sion pigment With its dispersibility enhanced to enable the 
dispersion of the pigment Without the use of a dispersant or 
the like may be used as the Water-insoluble coloring material 
that can be used in the aqueous ink according to the present 
invention. The polymer-bonded self-dispersion pigment 
preferably contains a reactant of: a functional group chemi 
cally bonded to the surface of the pigment either directly or 
via any other atomic group; and a copolymer of an ionic 
monomer and a hydrophobic monomer. This is because a 
copolymeriZation ratio betWeen the ionic monomer and the 
hydrophobic monomer as materials for forming a copolymer 
to be used for denaturing the surface of the pigment can be 
appropriately changed, and the change alloWs the hydrophi 
licity of the denatured pigment to be appropriately adjusted. 
Various properties can also be imparted to the surface of the 
pigment because the kinds of ionic and hydrophobic mono 
mers to be used and the combination of the monomers can 
be appropriately changed. 

<Functional Group> 

[0129] A functional group of the polymer-bonded self 
dispersion pigment is chemically bonded to the surface of 
the pigment either directly or via any other atomic group. 
The functional group intends to constitute an organic group 
through a reaction With a copolymer to be described later, 
and the kind of the functional group is selected in connection 
With a functional group carried on the copolymer. The 
reaction betWeen the functional group and the copolymer is 
preferably a reaction producing a bond that does not cause 
hydrolysis or the like such as an amide bond in consideration 
of the fact that the pigment is dispersed into an aqueous 
medium. To this end, an amino group is used as the 
functional group and the copolymer is alloWed to carry a 
carboxyl group. Thus, the copolymer can be introduced to 
the surface of a pigment particle via an amide bond. Alter 
natively, a carboxyl group is used as the functional group 
and the copolymer is alloWed to carry an amino group. Thus, 
the copolymer can be introduced to the surface of a pigment 
particle via an amide bond as described above. 
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[0130] The functional group may be chemically bonded to 
the surface of the pigment either directly or via any other 
atomic group. HoWever, When a copolymer having a rela 
tively large molecular Weight is to be introduced to the 
surface of the pigment, the functional group is preferably 
introduced to the surface of the pigment via any other atomic 
group in order to prevent steric hindrance betWeen copoly 
mers. The other atomic group is not particularly limited as 
long as it is a polyvalent element or an organic group. 
HoWever, by reason of the foregoing, for example, a divalent 
organic residue is preferably used from the vieWpoint of 
control of a distance betWeen the functional group and the 
surface of the pigment. Speci?c examples of the divalent 
organic residue include an alkylene group and an arylene 
(phenylene) group. 

[0131] More speci?cally, in, for example, each example to 
be described later, a pigment is alloWed to react With 
aminophenyl(2-sulfoethyl)sulfone to introduce an ami 
nophenyl(2-sulfoethyl)sulfone group to the surface of the 
pigment, and then an amino group of pentaethylene hexam 
ine and the aminophenyl(2-sulfoethyl)sulfone group are 
alloWed to react With each other to introduce an amino group 
as a functional group. In this case, the amino group is 
chemically bonded to the surface of the pigment via an 
atomic group containing a phenyl(2-sulfoethyl) group. Of 
course, the present invention is not limited thereto. 

<Copolymer> 
[0132] A copolymer of an ionic monomer and a hydro 
phobic monomer is preferably, for example, an anionic 
copolymer having anionic property or a cationic copolymer 
having cationic property. 

[0133] Examples of the anionic copolymer include a 
copolymer of a hydrophobic monomer and an anionic mono 
mer, and a salt of the copolymer. 

[0134] Speci?c examples of the hydrophobic monomer 
include: styrene; vinyl naphthalene; alkyl methacrylates 
such as methyl methacrylate; alkyl acrylates such as phenyl 
methacrylate, benZyl methacrylate, 2-ethoxyethyl methacry 
late, methacrylonitrile, 2-trimethylsiloxyethyl methacrylate, 
glycidyl methacrylate, p-tolyl methacrylate, sorbil meth 
acrylate, and methyl acrylate; phenyl acrylate; benZyl acry 
late; acrylonitrile; 2-trimethylsiloxyethyl acrylate; glycidyl 
acrylate; p-tolyl acrylate; and sorbil acrylate. Speci?c 
examples of the anionic monomer include acrylic acid, 
methacrylic acid, and maleic acid. Of course, the present 
invention is not limited thereto. 

[0135] An anionic copolymer of an anionic monomer and 
a hydrophobic monomer is composed of at least tWo mono 
mers including any one selected from the hydrophobic 
monomers listed above and at least one selected from the 
anionic monomers listed above. Examples of the anionic 
copolymer include a block copolymer, a random copolymer, 
a graft copolymer, and salts of the copolymers. 

[0136] Such anionic copolymer preferably has an acid 
value in the range of 100 to 500, and the acid values of the 
copolymer are preferably in the range of the average acid 
value 120% (both inclusive). When an acid value is higher 
than the above range, the hydrophilicity of the surface of the 
pigment becomes excessively high, so Water and a solvent in 
the ink after printing may remain on the surface of the 
pigment to retard the expression of scratch resistance after 
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the printing on a recording medium. When an acid value is 
lower than the above range, the hydrophilicity of the surface 
of the pigment becomes excessively loW, so the pigment 
may be hardly dispersed into the ink in a stable manner. 

[0137] Examples of the salt of the anionic copolymer 
include: alkali metal (such as sodium, lithium, or potassium) 
salts; ammonium salts; alkylamine salts; and alkanolamine 
salts. Each of them may be used alone, or tWo or more of 
them may be appropriately used in combination. 

[0138] Examples of the cationic copolymer include a 
copolymer of a hydrophobic monomer and a cationic mono 
mer, and a salt of the copolymer. 

[0139] Any one of the monomers listed above can be used 
as the hydrophobic monomer. Speci?c examples of the 
cationic monomer include allylamine, dimethylaminoethyl 
methacrylate, diethylaminoethyl methacrylate, tert-buty 
laminoethyl methacrylate, dimethylaminoethyl acrylate, 
diethylaminoethyl acrylate, dimethylaminopropyl meth 
acrylamide, N-vinylcarbaZole, methacrylamide, acrylamide, 
and dimethylacrylamide. Of course, the present invention is 
not limited thereto. 

[0140] An anionic copolymer of a cationic monomer and 
a hydrophobic monomer is composed of at least tWo mono 
mers including any one selected from the hydrophobic 
monomers listed above and at least one selected from the 
cationic monomers listed above. Examples of the cationic 
copolymer include a block copolymer, a random copolymer, 
a graft copolymer, and salts of the copolymers. 

[0141] Such cationic copolymer preferably has an amine 
value in the range of 100 to 500, and the amine values of the 
copolymer are preferably in the range of the average amine 
value 120% (both inclusive). The amine value is determined 
by neutralizing l g of a sample and representing the amount 
required for the neutralization in KOHmg in correspondence 
With an acid value. 

[0142] Examples of the salt of the cationic copolymer 
include acetic acid, hydrochloric acid, and nitric acid. Each 
of them may be used alone, or tWo or more of them may be 
appropriately used in combination. 

[0143] The anionic or cationic copolymer described above 
has a Weight average molecular Weight (MW) in the range of 
preferably 1,000 to 20,000, or more preferably 3,000 to 
20,000. The polydispersity index (MW/Mn) (Where MW 
represents a Weight average molecular Weight and Mn 
represents a number average molecular Weight) of a cationic 
copolymer segment is preferably 3 or less. The content of the 
mass of such anionic or cationic copolymer is preferably 5% 
or more and 40% or less based on the mass of the pigment 
particles With their surfaces denatured With the copolymer. 
In addition, the molecular Weight distribution of a copoly 
mer is preferably uniform because, When the copolymer has 
a large polydispersity index, the molecular Weight distribu 
tion of the copolymer broadens, and hence the above 
described properties based on the molecular Weight of the 
copolymer are hardly expressed. 

[0144] Next, a method involving chemically bonding an 
organic group to the surface of a pigment particle to denature 
a pigment Will be described by taking carbon black as an 
example. The method to be used at this time may be any one 
of the generally used methods Without any particular limi 
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tation as long as the method involves: introducing a func 
tional group to the surface of a pigment particle; and 
bonding a copolymer composed of an ionic monomer and a 
hydrophobic monomer to the functional group to chemically 
bond the copolymer to the surface of the pigment particle. 

[0145] Speci?cally, for example, each of the folloWing 
methods can be used as such method. A method involving: 
introducing polyethyleneimine or the like to the surface of a 
pigment particle such as carbon black; and bonding, to the 
terminal functional group, a copolymer composed of an 
ionic monomer and a hydrophobic monomer, the copolymer 
having an amino group, through a diaZonium reaction, and 
a method involving bonding, to the surface of a pigment 
particle such as carbon black, a copolymer having an amino 
group and a carboxyl group in a molecule through a diaZo 
nium reaction can be used. The most typical example out of 
the other methods is disclosed in WO 01/51566 A1. 

[0146] For example, When an anionic copolymer is chemi 
cally bonded to the surface of a carbon black particle in the 
above method, the folloWing three steps must be performed. 

[0147] First step; A step of adding an aminophenyl(2 
sulfoethyl)sulfone group (APSES) to carbon black through 
a diaZonium reaction. 

[0148] Second step; A step of adding polyethyleneimine or 
pentaethylene hexamine (PEHA) to carbon black treated 
With APSES. 

[0149] Third step; A step of bonding a copolymer of a 
hydrophobic monomer and an ionic monomer having a 

carboxyl group. 

[0150] In the second step, the phenyl(2-sulfoethyl)sulfone 
group chemically bonded to the carbon black surface in the 
?rst step and an amino group of APSES are alloWed to react 
With each other to introduce an amino group as a functional 
group chemically bonded to the carbon black surface. In the 
third step, for example, part of the carboxyl groups of the 
ionic monomer portion of the copolymer are alloWed to react 
With amino groups to form amide bonds, Whereby the 
copolymer can be introduced to the carbon black surface via 
an atomic group containing a phenyl(2-sulfoethyl) group as 
a residue of APSES and a residue of PEHA. 

[0151] For example, When a cationic copolymer is chemi 
cally bonded to the surface of a carbon black particle in the 
above method, the folloWing tWo steps must be performed. 

[0152] First step; A step of adding an aminophenyl(2 
sulfoethyl)sulfone group (APSES) to carbon black through 
a diaZonium reaction. 

[0153] Second step; A step of bonding a copolymer of a 
hydrophobic monomer and a cationic monomer. 

[0154] In the ?rst step, a sulfone group is introduced as a 
functional group chemically bonded to the carbon black 
surface. In the second step, for example, part of the amino 
groups of the ionic monomer portion of the copolymer are 
alloWed to react With sulfone groups (nucleophilic substi 
tution) to introduce the copolymer to the carbon black 
surface via an atomic group containing a phenyl(2-sulfoet 
hyl) group as a residue of APSES. 




















